Introduction: The aim of this paper is to provide an overview and a few examples of how national registers are used in analyses of healthcare costs in Denmark. Research topics: The paper focuses on health economic analyses based on register data. For the sake of simplicity, the studies are divided into three main categories: economic evaluations of healthcare interventions, cost-of-illness analyses, and other analyses such as assessments of healthcare productivity. Conclusion: We examined a number of studies using register-based data on healthcare costs. Use of register-based data renders a comprehensive data material, often in the form of time series, which is very useful in health economic analyses. The disadvantage of register-based data is the use of tariffs, charges, or market prices as proxies for costs in the computation of healthcare costs.
Introduction
A number of research topics within health services research apply data on healthcare costs. Examples of such research topics include economic evaluations of healthcare interventions and cost-of-illness analyses. Healthcare costs can be analysed through register data, which is the focus of this review, or other types of data, for example, accounting information or activity-based costing data.
An economic evaluation of a healthcare intervention compares costs and benefits or effects of an intervention [1] . The cost measurement of the interventions usually comprises the costs of the intervention itself as well as all healthcare costs of patients for an appropriate follow-up period.
The cost-of-illness analysis measures healthcare costs and other societal costs of a given disease or risk factor. Use of register-based data for cost-of-illness analyses allows for bottom-up costing, where, for example, the healthcare costs of patients with a given disease are compared to the healthcare costs of a comparable reference group.
Assessments of healthcare costs are also used in productivity analyses as well as analyses of the relationship between healthcare costs and its determinants, for example age, leading to assessments of the cost of ageing in society.
The aim of this review article is to provide examples of use of Danish administrative registers for assessment of healthcare costs, divided into economic evaluations, cost-of-illness analyses, and other register-based analyses, including in particular productivity analyses and projections of healthcare costs. The examples have been identified through a nonsystematic search of the literature and are in no way comprehensive.
Research topics

Danish national registers
We have reviewed some of the Danish literature on healthcare costs and identified some main areas of research. We chose not to perform a systematic Correspondence: Marie Kruse, Centre for Applied Health Services Research, University of Southern Denmark, Denmark. E-mail: mkru@cast.sdu.dk (Accepted 23 February 2011) review but instead illustrate the variety of registerbased research on healthcare costs.
We mainly concentrated on studies using nationwide registers, such as the Danish National Patient Register which comprises somatic inpatient admissions since 1977 and outpatient contacts since 1995. From 2000 onwards all admissions and outpatient contacts are assigned a tariff from the system of diagnosis-related groups (DRG) [2] . Before 2000, assessments of hospital costs had to be based on the number of admissions or bed-days, each assigned a unit tariff. The Danish Psychiatric Central Research Register comprises inpatient and outpatient contacts within the psychiatric hospitals. Tariffs have been developed in the psychiatric field but have not been implemented in the register yet.
Data for the primary healthcare sector is included in the Danish National Health Service Register. The register covers all general practitioner contacts, all contacts to practising specialists, contacts to dentists, physiotherapists etc. Except for contacts to dentists and physiotherapists, the contacts are usually free of charge for the patient. The physician charges the health insurance authorities and the type of service and the exact charge is recorded in the register.
Use of prescription medicine outside hospitals is covered by the Danish National Prescription Registry. The register comprises the Anatomical Therapeutic Chemical Classification code (ATC) of pharmaceuticals and the total price of the product, consisting of the share paid by the patient and the share subsidised by healthcare authorities. The register does not contain any information on overthe-counter drugs. Pharmaceuticals dispensed in hospitals are covered by DRG tariffs.
All registers record information linked to the unique personal identification number (CPRnumber), allowing for linkages between registers, as well as between registers and surveys. The linkage of data over time allows for longitudinal and panel data analysis, the latter being analysis of cross-sectional data over multiple periods of time. Most registerbased analyses of healthcare costs exploit this feature.
While costs in the healthcare sector are generally well described in registers, this is not the case for treatment costs outside the healthcare sector, for example, costs of nursing homes and other social services.
Use of register-based data for cost assessments in economic evaluations
We identified some examples of register-based cost assessments used for economic evaluations.
This overview is confined to analyses based on the above national registers.
In an economic evaluation of the beneficial effect of fruit and vegetables consumption on cancer incidence [3] , Gundgaard et al. used the Danish National Patient Register and the Danish National Health Service Register to compute the attributable costs of cancer incidence, by comparing healthcare costs for cancer patients to healthcare costs for people that were not cancer patients. The authors used the Danish Cancer Registry for identification of cancer patients. The study used registers for identification of costs, while the effect of fruit and vegetable consumption was not derived from registers.
Olsen et al. [4] conducted a health technology assessment of nutritional counselling for obese patients. The analysis was based on a randomised controlled trial. Trial participants were identified in the Danish National Patient Register and the Danish National Health Service Register, and their healthcare costs were derived for the period 12 months before the trial and 12 months after. Healthcare costs for a comparable reference group, selected from population registers, were used for computation of attributable costs.
Torp et al. [5] evaluated the economic consequences of an intervention aiming to reduce readmission after stroke. The study was a randomised controlled study where assessments of admissions, length of stay and other parameters reflecting resource consumption were gathered from a regional Social Register, comprising information similar to the Danish National Patient Register.
Sorensen and Frich [6] conducted a cost-consequence analysis of a follow-up intervention towards patients with multidisciplinary pain, using registerbased data on resource utilisation for trial participants. The authors used the Danish National Patient Register and the Danish National Health Service Register for this assessment.
In an economic evaluation based on a prospective cohort study, Thomsen et al. [7] assessed the health consequences and changes in healthcare resource use following multidisciplinary pain. The study applied the Danish National Patient Register and the Danish National Health Service Register for analysis of healthcare consumption. In addition, an aggregate analysis of use of pharmaceuticals was performed, using the Danish National Prescription Registry.
Cost-of-illness analyses based on register data
Four recent cost-of-illness analyses are reviewed below.
Kruse et al. [8] analysed the healthcare costs of heart disease and the cost savings associated with lifestyle interventions in a register-based setting. Using the Danish National Patient Register, the Danish National Health Service Register and the Danish National Prescription Registry, the authors identified the attributable costs of heart disease for a group of individuals selected from the DANCOS cohort [9] , compared to a reference group selected from the same cohort. For the heart patients, the additional healthcare costs associated with an unhealthy lifestyle were also computed.
Hojgaard et al. [10] analysed the future healthcare costs relating to waist circumference, using the cohort Diet, Cancer and Health [11] . The cohort comprises anthropometric measures as well as various other parameters. Individuals were stratified according to body mass index and the relation between waist circumference and healthcare costs over a 7-year period were analysed. The authors derived healthcare costs from the Danish National Patient Register, the Danish Psychiatric Central Research Register, the Danish National Health Service Register, and the Danish National Prescription Registry.
Rasmussen et al. [12] estimated the total societal costs of smoking, including healthcare costs and productivity costs, in a cost-of-illness analysis, using population attributable risk fractions and applying these to cost data from registers. The authors used the Danish National Patient Register, the Danish National Health Service Register, and the Danish National Prescription Registry for assessment of attributable healthcare costs.
The lifetime costs of cerebral palsy were estimated by Kruse et al. [13] . The authors identified cerebral palsy patients in a patient register, and derived their healthcare costs in the Danish National Patient Register, the Danish National Health Service Register, and the Danish National Prescription Registry. Similarly, attributable costs were calculated by adjusting for the healthcare costs of a reference population, selected from population registers.
Other register-based analyses of healthcare costs
In this category we have included three studies that assessed the costs of ageing and two studies on healthcare productivity.
Wickstrøm et al. [14] estimated future costs of hospital inpatient care and primary healthcare services in Denmark on the basis of demographic changes, both with and without account for the high costs in the last year of life. The study was based on the Prevention Register at Statistics Denmark which includes data from the Danish National Patient Register, the Danish National Health Service Register, and the Danish National Prescription Registry. The authors predicted the development of future costs based on age-and gender-specific healthcare data. In a similar study, Madsen et al. predicted the impact of ageing on the cost of primary healthcare services [15] .
Kildemoes et al. [16] analysed the impact of ageing on pharmaceuticals costs, using data from Odense University Pharmaco-Epidemiologic Database (a Danish regional database on use of pharmaceuticals). The database contained information on age and gender and thus it was possible to derive age-specific pharmaceuticals costs. Applying these to a population forecast rendered a prediction of future pharmaceuticals costs.
Olsen and Street [17] used patient-level data for examination of hospital productivity, using vascular surgery as an example, and found that performance was related to patient risk factors, such as smoking, and follow-up surgery. The analysis included three registers: the Danish Case Mix register, being the Danish National Patient Register with DRG tariffs; the Danish Vascular Registry [18] (a clinical database); and the Danish Cost Database which contained cost and activity information from Danish hospitals.
Olsen et al. [19] analysed the interaction between general practitioner productivity and a number of characteristics, including list size and patient demographics. They used data from the Danish National Health Service Register in combination with survey data for their analysis.
Conclusion
Above, we have reviewed a range of register-based studies concerning healthcare costs. While this assessment is not comprehensive, it covers some main areas of register-based health economic research. Based on this assessment, we observe two advantages of Danish registers for health economic research. Firstly, the universal use of the unique personal identification number, rendering register linkages straightforward and easy, allow us to follow individuals and their healthcare use over time and between institutions; as well as linking these data with other data of relevance for a specific study like income or geographical area of residence. The majority of the assessed studies have selected a group of individuals in a cohort [7, 8, 10] , a patient register [3, 13] , or from a randomised study [4À6], and subsequently identified these in the national registers by means of register linkages.
Secondly, most healthcare registers comprise information on resource utilisation. This second advantage of the Danish administrative healthcare registers relates to one of the limitations of using these registers for health economic research. In economic evaluations of healthcare interventions, as well as in cost-of-illness analyses and other cost analyses, the focus of interest is costs, reflecting the value of the best alternative use of resources. None of the Danish healthcare registers comprise any information on costs per se, only information that can be used as proxies for costs, such as expenditures, tariffs and prices. This implies that information on true costs is limited despite the healthcare sector expenditures being well described.
Another limitation for research in this field relates to the boundary between the healthcare sector and the social sector. Nursing homes and care for disabled people are covered by the social sector. In the event that a cost assessment includes services that belong in the social sector, the researcher will need information similar to the information on healthcare costs. However the social sector is not endowed with national, individually based registers with cost information. Therefore when analysing diseases in elderly or disabled people, the cost assessment will not be as comprehensive or detailed.
Finally, it should be noted that risk behaviour and health status of patients are not included in registers and should be obtained through surveys. This constitutes a problem for economic evaluations in particular where health status measures are often used for outcome measurement. 
